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Thermal analysis was used to characterize a number of
aliphatic and aromatic copolymers and homopolymers. Dif¬
ferential scanning calorimetry, thermogravimetric analy¬
sis, and polarizing optical microscopy were used to obtain
thermal properties of Interest to us; the glass transit¬
ion temperature (T ), the melting point (T ), and the
O 111
decomposition temperature (T^). The liquid crystalline
properties of the polymers were examined using polarizing
optical microscopy.
Poly[oxy(2-chloro-l,4-phenylene)oxycarbonyl-1,4-bicy-
clo [2.2.2] octy 1 enecarbony 1 -co-oxy (2-ch 1 or o-1,4-pheny 1-
ene)oxysebacoyl ], poly[oxy(2-methyl-l,4-phenylene)oxy-
terephthaloyl-co-oxy(2-methyl-l,4-phenylene)oxy-l,4-cyclo-
hexanediacetoy1 ] 60;40, poly[oxy(2-methy1-1,4-pheny1ene)
oxyterephthaloyl-co-oxymethylene-1,4-cyclohexylenemethyl-




clo[ 2.2.2] octy lenecar bony1-co-oxy (2-broino-l, 4-phenyl-
ene)oxysebacoy1] were found to exhibit liquid crystalline
properties.
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One of the most important factors in the study of
heat-stable polymers is the measurement or evaluation of
thermal stability.^ Basically, the goal is to monitor some
physical response to a programmed change in temperature.
Among instruments available for analytical analysis of
polymer milligram samples are the Du Pont Modular Thermal
Analysis System, which consists of the 990 Thermal Analy¬
zer with 910 and 950 modules to perform differential
scanning calorimetry (DSC) and thermogravlmetrIc analysis
(TGA), respectively.
Differential scanning calorimetry has become a signl-
2
ficant analytical technique over the past ten years, and
is perhaps the best known example of the growing number of
techniques which come under the broad heading "Thermal
Analysis". In DSC, the power input required to maintain
equal temperatures between the sample and reference is
recorded as sample and reference temperatures are raised
according to predetermined programmed heating or cooling.
These measurements provide qualitative and quantitative
data about physical and chemical changes of material in¬
volving either an endothermic or exothermic process. The
difference in power between sample and reference is pro¬
portional to the difference in heat capacity (Cp), or
1
2
dq/dt, a measure of the thermal energy per unit time as
the sample temperature is changed at a linear rate. DSC
Is valuable for polymers due to Its simplicity of operat¬
ion and suitability for evaluating energy changes of poly¬
mer systems.
The glass transition and melting temperatures are
obtained from differential scanning calorimetry.
Glass Transition Temperature
The glass transition temperature, T , is that temper-8
ature below which the polymer is glassy and above which it
A
is rubbery. The molecular interpretation treats T^ as
the onset of large scale motion of molecular chain seg¬
ments. At low temperatures, chain atoms undergo low am¬
plitude vibratory motion around fixed positions. Both the
amplitude and the cooperative nature of these vibrations
among neighboring atoms increase as the temperature is
raised until, at a well defined transition at temperature
T , segmental motion becomes possible, and the material
O
becomes rubbery or leathery. The chain segments can un¬
dergo cooperative rotational, translational, and diffus-
lonal motions above T , but, as the temperature is raised
O
substantially above T , the material behaves like a very8
viscous liquid.
Glass transitions are of a kinetic rather than a
3
thermodynamic nature. In this second order transition,
the second derivatives of the free energy--heat capacity
and volume expansion coeff1c1ent--change abruptly. A
change In heat capacity during a temperature scan results
In a change In power necessary to keep the sample and
reference temperatures equal. This change In power Is
reflected as a shift In baseline. The temperature at
which the shift occurs Is taken as the T^.
S
When substantial crystallinity Is present In a poly¬
mer sample, the change of properties at the glass transi¬
tion may be obscured. Therefore T Is sometimes difficult
g
to detect In highly crystalline polymers.
Major parameters Influencing T are main chain rigid-
O
Ity, polarity, bulky or rigid side chains, molecular
weight, and cross1 Inking, which favor Increases In T .
O
Main chain flexibility, symmetry, flexible side chains,




The melting point Is the most Important thermal tran¬
sition.^ Unlike the Tg, the property changes at T^ are
more drastic; especially If the polymer Is highly crystal¬
line. These changes are characteristic of a thermodynamic
first order transition, and the transition observed Is an
endotherm on the differential scanning calorimetry thermo-
4
gram. This first order transition results in discontinui¬
ties in heat content and specific volume, which are first
derivatives of free energy.
The melting endotherm of polymers shows behavior
different from that of low molecular weight substances.
This is due to the appearance and disappearance of cry¬
stallinity in polymers resulting in broadening of the
melting endotherm. Since the exact melting of each cry¬
stalline region depends on both its size and perfection,
the larger more perfect crystallites have higher melting
points. The T^ value is taken to be the point of disap¬
pearance of the last traces of crystallinity.
One of the main uses of t h e r mo gr a v 1 me t r 1 c analysis
has been to study decomposition and thermal resistance of
materials. A sample of the polymer is placed on the
balance pan, weighed, and heated at a constant rate while
the weight is continuously recorded; the Du Pont 910
module also records the first derivative of the weight
retention curve. TGA can be used to study kinetic parame¬
ters, particularly parameters of the Arrhenius equation:
the activation energy and frequency factor.^ The strong
points of this method include an ability to obtain data
using a small amount of sample from a narrow range of
rates of weight loss, and over a small temperature range.
These factors ensure that no features of the degradation
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kinetics are overlooked. ThermogravImetry Is a simple
technique that provides Information on the degradation,
oxidation, evaporation, or sublimation of condensed sam¬
ples.^
Of major Interest to us In our work has been prepa¬
ration and characterization of liquid crystalline or meso¬
morphic polymers and copolymers that have not been pre¬
viously synthesized. Thermal analysis of homopolymers
revealed decomposition temperatures higher than or equal
to their melting temperatures. Attempts to lower the
melting temperature by Incorporating flexible spacers,
asymmetrical substituents, and copolymerization resulted
In the polymers discussed In this paper. These polymers
are of such great Interest because they combine the pro¬
perties of liquid crystals and the advantages of polymer
systems. Their investigation allows polymer scientists to
develop an understanding of macromo1 ecu 1ar structure and
organization, molecular orientational order. Interactions,
texture, and mechanical properties.^
Liquid Crystalline Transition
The liquid crystalline state Is a thermodynamically
stable state in which polymers are characterized by pro¬
nounced crysta 11Ine-1ike anisotropy. Our work Involved
establishing the transition of polymers from the solid
6
state to the liquid crystalline (LC) state and determining
the temperature ranges of their existence using DSC and
polarizing microscopy.
Thermotropic LC transitions take place with tempera¬
ture change: crystalline polymers melt at to form
highly viscous anisotropic substances, and glassy polymers
soften at T . By analogy with low molecular weight liquid
O
crystals, these temperatures are called the LC transition
temperature An Intense glow is typically observed
between crossed polarizers. Further increases in tempera¬
ture of the anisotropic melt causes the transition into
the Isotropic state at the clearing temperature,
This is the temperature at which optical anisotropy disap¬
pears and the sample appears transparent under a light
microscope. This transition takes place in a temperature
range of 1-5°C.® The anisotropic to isotropic transition
is referred to as a phase transition of the first order.
Investigations of what is now commonly known as the
liquid crystalline state began around the turn of the
century. The first observation occurred in 1888, when
Reinitzer noticed a peculiar melting phenomenom in samples
of cholesterol esters. Cholesterol benzoate crystals
melted sharply at 145.5° into an opaque melt, and again




Early twentieth century chemists were attracted to
this phenomenum, In particular Lehmann and Vorlander, who
prepared over 250 compounds having mesomorphic states.
Frledel studied optical properties of substances exhi¬
biting multiple melting transitions which enabled him to
clearly distinguish between three different types of meso-
phases.^®
Frledel classified the structures of liquid crystals
Into the following types;
I. The Smectic Mesophase — This is a solid-llke
mesophase which exhibits properties slmlllar to those
found In soaps and is a turbid, viscous state. Molecules
are arranged with the direction of the long axes parallel
to the normal layer; two dimensional order exists within
the layers.
II. The N ema tic Mesophase — In this mesophase,
molecular arrangement Is characterized by one dimensional
order since the molecules are not arranged in layers.
This state Is a turbid, mobile state In which molecules
are free to slide over one another along their parallel
long axes.
III. The Cholesteric Mesophase — Characteristics of
this mesophase Include the existence of a twisted nematic
layer arranged about an axis perpendicular to the long
axis of the molecule. This structure occurs In only
8
optically active materials. It is a turbid but mobile
state. The majority of compounds exhibiting this type of
mesophase are derivatives of cholesterol or other sterol
systems, therefore the name cholesteric was chosen, al¬
though cholesterol is not mesomorphic.
Liquid crystals may be classified according to the
method used to bring about the mesomorphic state:
1. Thermotropic -- formed when a sample is heated to
a temperature above which the crystal lattice is unsta¬
ble, and
2. Lyotropic -- formed when the polymer is swollen
in a solvent.
Thermotropic liquid crystals can undergo two diffe¬
rent types of transformations:
a. M onotropic — liquid crystals formed only by
super-cooling the Isotropic liquid, and
b. Enantiotropic — formed by heating the solid
crystalline phase and cooling the Isotropic liquid.
Of much interest to us in our work is the detection
and characterization of mesomorphism in our polymers.
Liquid crystals of all three structural types are clearly
visible between crossed polaroids and display strong spon¬
taneous birefringence due to the orientation of the mole¬
cules. Birefringent objects divide light into two beams
which vibrate perpendicular to each other and diagonally
9
to the transmission direction of the polarizers, resulting
in Interference color. Depending on the degree of the
phase difference produced In the specimen, a specific
interference or polarizing color appears. Intense bands
of colors are observed when anisotropic liquid crystalline
phases are viewed between crossed polarizers of the opti¬
cal microscope. The combined techniques of polarizing and
hot-stage microscopy are useful in determining mesophase
types and liquid crystalline order. Microscopic observa¬
tion as the samples are heated or cooled allows determina¬
tion of transition temperatures between phases.
No definite knowledge exists that enables polymer
scientists to predict conclusively whether a compound will
be liquid crystalline. Thermotropic liquid crystalline
polymers have been categorized by the method by which they
are synthesized. One basic idea is to attach a mesogenlc
group to a reactive group and perform the polymerization.
In other cases, a monomer group not showing liquid crys¬
talline properties is polymerized to form the mesomorphic
structure. As shown in Figure 1, the mesogenlc group can
be Incorporated into the main chain or be present in a
side chain. Mesomorphic properties can often be found in
polymers whose main chain is stiff. Flexible spacer
groups are often present between the mesogenlc groups or
between the main chain and the mesogenlc group. The
10
Figure 1. Scheme of the macromo1ecu 1ar structure of po-
lyme r s.
(a) Mesogenic groups In the main chain.
(b) Mesogenic side groups: (1) main chain (2) flexible
spacer groups, (3) rigid moiety of the mesogenic groups,
(4) flexible tails.
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polymer chain should therefore be stiff, but flexible
enough to allow the polymer to melt, and capable of main¬
taining parallel alignment.
In the past few years a considerable number of papers
have been published on liquid crystalline structures In
polymeric systems. One point of view is to look at them
as crystalline structures with a high concentration of
defects and describe them on the basis of paracrystal Uni¬
ty.Another point of view is to look at the structures
as a separate thermodynamic phase which exhibits reversi¬
ble phase transitions. Many polymers have been prepared
and subsequently characterized as liquid crystalline.
1 2
Jackson and Kuhfuss prepared copolyesters from acetoxy-
benzolc acid and po1y(ethy1ene terephtha 1 ate). These
polymers were prepared by acldolysls of the polyester and
polycondensation of the acetate and carboxyl groups, and
appear to be the most widely studied thermotropic liquid
crystal polymers.
Of major interest to us In our work was the demon¬
stration of liquid crystalline properties of random copo¬
lymers and homopolymers. Our objective was to study the
effect of molecular main chain structure and substituents
on the thermal and optical properties of the polymers.
EXPERIMENTAL
Calorimetry
The Du Pont modular thermal analysis system was used
for all measurements* Figure 2 shows a block diagram of a
thermal analysis system. The basic console Is the 990
Thermal Analyzer with modules for DSC and TGA. The sample
Is placed In an environment whose temperature Is controll¬
ed by a programmer-controller. The programmer contains
all switching logic circuits; the controller controls the
power applied to the heater.
Changes In the sample are monitored by a transducer
which produces an electrical output directly proportional
to the magnitude of the chemical or physical changes
occurring. The output Is amplified electronically and
applied to the readout device, usually a potent1ometr1c
recorder.
The temperature programmer-controller Is capable of
Isothermally monitoring the temperature of the sample
environment and varying the temperature at some known
function of time at a selectable rate. The necessary
temperature sensing elements and heaters monitor the sam¬
ple environment, are fed to the amplifier, and plotted on
the y-axis of the 990 X-Y-Y* recorder.















Figure 2, Block diagram of a thermal analysis system
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the X-Y-Y' recorder, which reads variables In the sample
such as energy absorption or release, variations in sample
property, weight, or dimensional change. This variable Is
read on the Y or Y' axis as a function of sample tempera¬
ture which is read on the x-axis of the recorder. In
Isothermal operation, the x-axls is used to plot time.
The thermal analyzer is capable of operating in a
variety of atmospheres, both Inert and reactive. Our
technique Involves use of nitrogen which is passed direct¬
ly into the module being used.
The Differential Scanning Calorimeter: The Du Pont 910
Differential Scanning Calorimeter was used for all meas¬
urements. The instrument operates within a temperature
range between subambient and 750°C. A Constantan disc
transfers heat to the sample and reference positions and
acts as one element of the temperature measuring thermo¬
electric junctions. The raised sample and reference plat¬
form temperatures are monitored by Individually controlled
Chrome1-Constantan thermocouples. The power input to the
heaters is adjusted continuously in response to any ther¬
mal effects in the sample. The difference signal between
the two thermocouple junctions is fed to the amplifier and
monitored on the y-axls of the X-Y-Y' recorder.
Purge gas is admitted to the sample chamber through
15
an orifice In the block wall after being preheated by
circulation through the block. The area under the peak on
the time base plot Is proportional to the energy Involved
In the transition and the mass of the sample. Figure 3
shows the DSC cell cross section. The cell was purged
continuously with nitrogen at a rate of 20 ml/mln for all
calorimetric determinations.
The Instrument was calibrated with Indium, melting
point 156.6°C. Data was recorded on corrected Du Pont
Thermal Analysis chart paper. Measurements were made at a
scanning rate of 20-50°C per minute at sensitivities of 2-
5 0 mV /cm.
Samples used In our work were In the form of powders,
although the DSC Is capable of evaluating samples In other
forms such as fiber, pellets, or gels. Five to ten milli¬
gram samples were encapsulated In aluminum pans to ensure
good thermal contact. Empty pans were used as references.
The Therroogravlmetrlc Analysis System; A diagram of the
Du Pont 951 TGA Is shown In Figure 4. The analyzer con¬
sists of three components: the Furnace Assembly, the
Balance Assembly, and the Cabinet Assembly.
The furnace uses a resistance wire-wound element that
can be operated from ambient to 1200°C. A low thermal mass
allows rapid heating and cooling. Temperature Is moni¬
tored by a thermocouple In the furnace wall.
16
Figure ^ DSC cell cross-section
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A
I - Sample Thermocouple
J - Quartz Furnace Tube
K - Pyrex Envelope
I, — Furnace Tube Retainer
M - 0-Rlngs
N ^ Lamp Housing
0- Ba1anceTracR Guides
P - Purge Gas Inlet
q > Beam Stop Pin
K A
A - Balance Bousing
B - Taunt-Band Meter Movement
C - Rear Beam
D - Quartz Rod
E - Sample Pan
F - Counter-weight Arm
G - Signal Flag
H - Photo-voltaic Cells
end view
Figure 4. 951 balance assembly.
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The furnace can be heated at a rate from 0.5 to 30.0°C per
minute.
The balance operates on a null-balancing principle.
A photo sensitive null detector, comprising a pair of
diodes, is located at one end of the balance. The sample
boat is suspended in a quartz glass envelope at the other
end of the balance.
The cabinet assembly contains the balance operating
controls and associated electronic circuits.
The 951 TGA Is capable of evaluating samples ranging
from 1 to 300 mg. The sensitivity of the analyzer Is as
low as a few micrograms of weight change. The first step
is to weigh sample changes during programmed heating caus¬
ing the flag, which Is connected to the balance arm, to
move so that the amount of light falling on each diode Is
unequal. The resulting non-zero difference is amplified
and used as input for the y-axls of the recorder. The y-
axls Indicates temperatures, or time in Isothermal opera¬
tion. The furnace was continuously purged with nitrogen.
Data was recorded on corrected Du Pont chart paper.
Optical Microscopy
Polymers were viewed in powder form using the Leitz
Laborlux Polarizing Optical Microscope with a Leitz 350
heat stage and camera attachments. The heating stage con¬
tains no mechanism for monitoring the heating rate; hence.
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samples were heated at various rates in air. Color pic¬
tures were taken using a 35mm camera and samples were
viewed under cross-polarized light.
RESULTS AND DISCUSSION
All polymers were synthesized in our laboratories
using condensation polymerization. Monomers were
synthesized or commercially available compounds. Polymers
for which properties were measured are listed In Tables 1
and 4 (homopolyesters), Tables 2 and 5 (aliphatic homopo¬
lyesters), and Tables 3 and 6 (aromatic copolyesters).
DSC thermograms of aliphatic and aromatic homopolyes¬
ters and copolyesters are shown in Figures 5-11. All T 's
S
were taken as extrapolations of the baseline on the low
temperature side of the transition and the maximum slope
of the transition. The melting temperatures T^ were taken
at the peak of the endotherms which corresponds to the
temperature at which the last traces of crystallinity In
the polymer disappear. For some liquid crystalline poly¬
mers, the LC transition temperature (Tj^^) was reported
Instead of the T^^^ along with the onset of clearing,
Aliphatic Homopolyesters; Up to 500°C, there were no
thermal transitions observed for FCO-I and II. The DSC of
MN-I in Figure 5 only shows a decomposition temperature.
These samples either decompose without melting or decom¬
pose and melt simultaneously. Neither was found to be
liquid crystalline. Table 1 lists the structures.
Aliphatic Copolyesters; Table 2 shows the thermal charac-
20
Table 1. DSC Data of Aliphatic Horaopolyesters
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Table 3« DSC Data of Aromatic Copolyestera
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Figure 9_^ DSC thermograms of FCO-VI A) 50:50, B)
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Figure 11. DSC thermograms of A) HA-I and B) HA-II
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teristlcs of the aliphatic copolyesters; none of which
have glass transition temperatures. This is conslstant
with previously reported data,^^ and may be due to loss of
symmetry because of methyl, chlorine, phenyl, or bromine
substituents on the aromatic ring. Another factor could
be the flexibility of the chains due to sebacoyl, cyclo¬
hexyl, and other groups which also Increase crystallinity
by allowing the mesogenlc groups to orient. The spacers
may also crystallize.
Melting and liquid crystalline transitions were evi¬
dent in most of the aliphatic copo1yesters. MN-II, III,
and IV decompose as they melt. They contain a sebacyl
spacer and cyclohexane ring in varying ratios (Table 2).
MN-V has an ethylene spacer and Incorporates biphen-
ylene groups into the copolymer. Its T ^ range is from
275-353°C with a maximum at 320°C. The onset of clearing
occurs at 355°C. MN-VI and VII have lower melting tem¬
peratures: 237 and 150°C, respectively. MN-VI contains
the phenylene group which Increases d1po1e-dipo1e in¬
teractions. MN-VII contains the biphenylene group. MN-
XIII has a T
^ range of 162-312°C with a maximum at 225°C.
It enters the isotropic state at 312°C. This polymer is
stiffer than MN-VII due to the oxyoctyleneoxy group.
NU-I would be expected to have a low T^ because of
the flexibility of the cyclohexane and sebacyl groups.
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This polymer exhibits a maximum at 175°C with the onset
of clearing occurring at 275°C.
FCO-III and IV have simillar behavior with liquid
crystalline transition maxima at 240 and 255°C, respec¬
tively. Other melting transitions occurred at lower
temperatures in FCO-IV, where dipole-dipole Interactions
were less pronounced. FCO-V copolyesters were prepared
with methyl hydroqulnone in 50:50, 60:40, and 80:20 ratios
with respect to 1,4-cyc1 ohexaneacety1 chloride. FCO-VI
was prepared with 60:40 and 50:50 ratios of 2-methyIhydro-
quinone with respect to 1,4-cyc1ohexanedimethano1. FCO-
VII 60:40 and 50:50 are ratios of chlorohydroqulnone with
respect to 1,4-cyclohexane dlmethanol. FCO-V 60:40, VI
50:50, VI 60:40, and VII 60:40 melt in two stages, possib¬
ly due to the stiffness of the phenylene moiety compared
to the flexibility of the cyclohexylene group. The pre¬
sence of a chlorine substituent is a possible cause of the
crystallization exotherm in FCO-VII. Figures 8 and 9 show
shifts in the melting temperatures of FCO-V, VI, and VII
as ratios were changed. were lowest at 50:50 and
highest and less pronounced at 80:20. FCO-VII, when com¬
pared to FCO-VI, has the higher melting temperature due to
dipo1e-d1po1e Interactions due to the ch1 oropheny1ene
group.
Aroma tic Copolyesters: Each of the copolymers shown in
36
Table 3 have glass transition temperatures. This could be
explained on the basis of decreases in stiffness and
symmetry due to the flexibility and sterlc hindrance of
the o^-blpheny 1 ene groups with oxygen, and the presence of
chlorine in HA-I and HA-II. The block copolyester (HA-I)
would be expected to have a higher T due to the presence
S
of regularly repeating units. HA-I underwent glass tran¬
sition at 160°C, whereas HA-II (random) had a T of 90°C.
S
XVB exhibits additional stiffness due to the presence
of biphenylene groups in both repeating units. It has two
melting temperatures at 215 and 232°C.
HA-I shows a crystallization exotherm at 330°C. HA-II
was found to be liquid crystalline, undergoing a crystal¬
line to liquid crystalline transition from 145-168°C ,
followed by transition to an isotropic liquid at 180°C.
Thermogravimetry
ThermograVimetry was used to evaluate the thermal
resistance of the polymers; defined as the lowest tempera¬
ture at which the polymer undergoes chemical alteration
g
with a corresponding alteration in its properties. This
temperature describes polymer chemical stability at high
temperatures. In our work, a first derivative of the
weight loss curve was recorded; its maximum was taken to
be the decomposition temperature: the temperature at which
37
precipitous weight loss occurs and thermal or thermochem-
Ical degradation occurs.
Most linear polymers have a lower heat resistance (T^
and T„) than thermal resistance: their T„ and occurm g m
below their decomposition temperatures.^^ Cross-1Inked
polymers and very rigid polymers may have heat resistances
higher than their thermal resistances. This property was
shown by aliphatic homopolyesters FCO-I, FCO-II, and MN-I;
and aliphatic copolyesters MN-II, MN-III, and MN-IV, al¬
though no distinct structural correlations were evident.
Other polymers with less rigid structures have T^'s
above T and T . Polymers of a given series: FCO, NU, and
O
MN have simlliar thermal resistances. The TGA thermograms
of the polymers are shown In Figures 12-18. The decompo¬
sition temperatures are listed in Tables 4-6.
Optical Microscopy
All polymers were examined for their mesomorphic
character. This examination revealed that the following
copolymers exhibit mesomorphic behavior: OBI-6, FCO-III,
IV, V 60:40, VI 50:50, VI 60:40, VII 50:50, MN-IV, V, VI,
VII, IX (monotropic), X, XII, XIII (monotropic).
Following are results of photomicrographs of some of
the polymers characterized as liquid crystalline.
OBI-6 began Its L-C transition at a temperature of
139°C where melting occurred. Flow of a granular colored
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Table 5. Decomposition Temperatures of Aliphatic Copolyesters



































po 1 y[oxy-1,4-blcyclo [2.2.2]octylene oxycarbonyl-
1,4-bicyclo[2.2.2]octylenecarbony1-co-oxy-l,4-
bicyclo[2.2.2]ocCylene oxysebacoyl] MV-li 525





f NU-I, NU-II, NU-II I, NU-FIgur e 12 TGA thermograms o
IV
46
, MN - , MN -FiRur e 1 3 IGA thermograms of MN-I, MN-II III IV
47
Figure 14. TGA thermograms of MN-V, MN-VI, MN-VII, MN-VIII
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Figure 15. TGA Thermograms of MN-IX, MN-X, MN-XI.
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TEHPERATURE, °C (CHROMEL/ALUMEL)
Figure 16 . TGA thermograms of FCO-I and II.
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Figure 18. TGA thermograms of FCO-VIII 50:50, XVB, MV-I,
MV-II
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region waa not observed until 181°C. These granular re¬
gions combine Into brightly colored regions which flow
over a textured background at 232°C forming a smectic
mesophase (Figure 19). Isotropic fluid appears at 261°C
until flow stops at 290°C.
MN-V softens at 279°C; its L-C transition from a
crystalline to nematic mesophase occurs at 329°C, with
clearing at 358°C. Softening was observed at 175°C for
MN-VI (Figure 20) while flow began at 242-299°C, where
clearing began and was not complete at 350°C. MN-IX
melted at 298°C, flowed, and began clearing into the
isotropic liquid at 304°C. Clearing was complete at 326°C,
and, on cooling, the glowing region starts to reappear at
283°C and increases in intensity of glow as the tempera¬
ture drops. This polymer exhibits monotropic behavior.
MN-XII (Figure 21) melts at 325°C, and flows over the
illuminated region at 336°C. Clearing begins at 344°C,
and is incomplete at 350°C. Figure 21a shows a change of
texture at 272°C on cooling. Figures 22 and 23 show
photomicrographs of MN-X. A phase transition occurs at
95°C followed by other textural changes at 152 and 168°C.
Flow starts at 195°C and this L-C transition ceases with
onset of clearing at 256®C. The isotropic transition is
not complete at 350°C. MN-XIII melted at 232°C followed
by flow and onset of clearing at 296°C. The polymer was
53




Figure 20. Photomicrograph of MN-VI flowing at a) 261°C
and b) 277°C under crossed polarizers.
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Figure 21. Photomicrographs of MN-XTI at a) 272°C and b)
336°C under crossed polarizers.
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Figure 2 2. Photomicrographs of MN-X at a) 213°C and b)
264°C after onset of clearing.
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Figure 23. Photomicrographs of MN-X at a) 152°C and
168°C under crossed polarizers.
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completely Isotropic at 345®C, and, on cooling, reappear¬
ance of colored regions began to occur at 293°C. Figure
24 shows MN-XIII on cooling exhibiting monotropic behavior.
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Figure 24. Photomicrographs of MN-XIII on cooling at a)
179°C and b) 170°C between crossed polarizers.
CONCLUSION
It is possible to lower the melting point below the
decomposition temperature without destroying the thermo¬
tropic behavior by Introducing flexible and semi-rigid
spacers Into the polymer backbone and by copolymerization.
In each series: FCO, NU, MN-I-IV, and MN-V-XIII, decompo¬
sition occurred at about the same temperatures with va¬
rious changes in melting points. These differences re¬
quire further studies.
The problem of oxidative decomposition was evident in
the DSC thermograms that were not reported: MN-VIII, IX,
X, XI, XII, NU-II, III, and IV. Also, the clearing temper¬
ature Is not always detected in DSC thermograms of liquid
crystalline polymers. FCO-III, IV, V 60:40, VII 50:50,
MN-IV, VI, and VII each have clearing temperatures visible
under crossed polarolds, but undefined according to their
DSC thermograms. Polarizing optical microscopy was the
most conclusive method for identifying birefringence in
this work, and correlated well with DSC and TGA when
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